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properties, the present investigation was designed to evaluate the antinociceptive and anti-inflammatory activities of the sesame oil and sesamin.
Experimental Section

Chemicals
Drugs and reagents employed were as follows: sesame oil was purchased from local market (Hong Kong, China), sesamin (Sigma-Aldrich, St. Louis, MO, USA), acetic acid (Vetec Química Farm. Ltda, Rio de Janeiro, Brazil), formaldehyde and acetylsalicylic acid (Reagen Quimibrás Ind. Química S.A., Rio de Janeiro, Brazil), morphine hydrochloride (Merck Inc., Whitehouse Station, NJ, USA), naloxone, indomethacin, and carrageenan (Sigma Chemical Co, St. Louis, MO, USA).
Animals
Male Wistar rats (90-110 days) weighing 180-220 g and male Swiss albino mice (50-70 days) weighing 25-30 g were obtained from Central Biotery of the Federal University of Juiz de Fora. The animals were housed in in plastic cages (47 × 34 × 18 cm 3 ) under a 12 h light/12 h dark cycle at room temperature (22 ± 2 °C) and had free Access to water and food. Animal care and the experimental protocol were in accordance to the principles and guidelines recommended by the Brazilian College of Animal Experimentation (COBEA) and were approved by the local Ethical Committee (protocol number 049/2012).
Acute Toxicity
Groups of ten mice received orally doses of 0.5, 1, 1.5, 2, and 3 g/kg of the oil from sesame seeds, while the control group was administered with the vehicle (saline). The groups were observed for 48 h and at the end of this period the mortality was recorded for each group [33] . The 50% lethal dose (LD 50 ) was determined by probit test using a percentage of death versus doses' log [34] .
Acetic Acid-Induced Writhing Response in Mice
The acetic-acid writhing test was used for the evaluation of analgesic activity [35] . Mice (n = 8 per group) were injected (i.p.) with 0.6% acetic acid (10 mL/kg body weight), and the intensity of nociception was quantified by counting of the total number of writhes that occurred between 10 and 30 min after injection. Animals received the sesame oil (100, 200, and 400 mg/kg, per oral-p.o.), sesamin (50, 100 and 200 mg/kg, p.o.) and sterile saline in 1% DMSO (control group, 10 mL/kg, p.o.) 60 min before acetic acid injection. Acetylsalicylic acid (200 mg/kg, p.o.) and indomethacin (10 mg/kg, p.o.) were administered 60 min before acetic acid as reference drugs.
Formalin-Induced Nociception in Mice
Groups of mice (8 animals per group) were injected with 20 µL of 2.5% formalin (in 0.9% saline, subplantar) and the duration of paw licking was determined 0-5 min (first phase) and 15-30 min (second phase) after formalin injection [36] . The animals were pre-treated with the sesame oil (100, 200, and 400 mg/kg, p.o.), sesamin (50, 100, and 200 mg/kg, p.o.) and morphine (5 mg/kg, subcutaneous-s.c.) 60 min before formalin administration. Control animals were treated with similar volume of sterile saline in 1% DMSO (10 mL/kg, p.o.). Morphine (5 mg/kg, s.c.) was used as reference drug.
Hot Plate Latency Assay in Mice
To start this experiment, groups of eight mice (n = 8) were treated with the sesame oil (100, 200 and 400 mg/kg, p.o.), sesamin (50, 100, and 200 mg/kg, p.o.) or morphine (5 mg/kg, s.c.) and the control group received sterile saline in 1% DMSO (10 mL/kg, p.o.). After drug administration, the animals were placed on a Hot-Plate (Model LE 7406, Letica Scientific Instruments, Barcelona, Spain) heated at 55 ± 1 °C [37] and the latency time was measured at 0, 30, 60 and 90 min with a cut-off time of 30 s to avoid animal paw lesion. In separate groups of animals (n = 8), the effect of pre-treatment with naloxone (2 mg/kg, s.c.) on the analgesia also produced by the sesame oil (400 mg/kg, p.o.), sesamin (200 mg/kg, p.o.), and morphine (5 mg/kg, s.c.) was also determined.
Tail Immersion Test in Mice
The mice were divided into six groups of eight animals for the tail immersion that was performed according Ramabadran et al. (1989) [38] . The reaction time was recorded by observing tail flick response when tail is immersed in water maintained at constant temperature (55 ± 1 °C). A cut-off period of 10 s is observed to avoid tissue damage. Sterile saline in 1% DMSO (negative control, p.o.), sesame oil (100, 200 and 400 mg/kg, p.o.), sesamin (50, 100 and 200 mg/kg, p.o.) and morphine (positive control, 5 mg/kg, s.c.) were administered. The reaction time of animals was recorded at 0, 30, 60, 90, and 120 min after the drug administration.
Carrageenan-Induced Edema in Rats
Anti-inflammatory activity was assessed on the basis of paw edema inhibition induced by the injection of 0.1 mL 1% carrageenan (an edematogenic agent) into the subplantar region of the right hind paw of the rat [39] . Male Wistar rats were divided into groups of six animals, which received oral doses of the sesame oil (100, 200 and 400 mg/kg, p.o.), sesamin (50, 100 and 200 mg/kg, p.o.), sterile saline in 1% DMSO (p.o.) or indomethacin (10 mg/kg, p.o.) 60 min before the injection of carrageenan. In the left paw, used as a control, 0.1 mL of sterile saline was injected. 1, 2, 3, and 4 h after the carrageenan injection, the measure of edema was made by the difference between the volume displaced by the right and the left paw using a plethysmometer (model LE 7500, Letica Scientific Instruments, Barcelona, Spain).
Carrageenan-Induced Pleurisy in Rats
Pleurisy was induced in male Wistar rats by intrapleural administration of 0.5 mL 2% carrageenan suspension in sterile saline between the third and fifth ribs on the right side of the mediastinum [40] . Sesame oil (100, 200, and 400 mg/kg, p.o.), sesamin (50, 100, and 200 mg/kg, p.o.), sterile saline in 1% DMSO (p.o.) or indomethacin (10 mg/kg, p.o.) were given 60 min before injection of the irritant.
Animals were killed 4 h after carrageenan injection, and the skin and pectoral muscles were retracted. A longitudinal incision was made between the third and fifth ribs on each side of the mediastinum. The exudate was collected and transferred to a 15 mL conical centrifuge tube and the total volume was determined. A 20 µL aliquot of the exudate was used to determine the total leucocytes using Neubauer chamber under microscopy analysis.
Statistical Analysis
Data are expressed as mean ± S.E.M. Statistical significance was analyzed by the one-way analysis of variance (ANOVA) followed by the Student Newman-Keuls test. p values below 0.05 were considered significant. The percentage of inhibition was calculated by using: 100 − T × 100/C(%) or T × 100/C − 100(%) where C and T indicate non-treated (vehicle) and drug-treated, respectively.
Results
Acute Toxicity
After 48 h of treatment, the oil was not toxic to animals at the doses administered. General signs of toxicity, such as cyanosis, piloerection, writhing, ptosis, tremors, convulsions, ataxia, hypnosis, red urine, and diarrhea, were not detected. The parameters motor activity, as respiration, corneal reflex, righting and withdrawal, body tone and amount of pats, were also unaffected.
Acetic Acid-Induced Writhing Response in Mice
The treatment of animals with sesame oil (200 and 400 mg/kg, p.o.) produced a significant (p < 0.05 and p < 0.001, respectively) and dose-dependent inhibition of the abdominal writhes induced by acetic acid when compared with control (67.75 ± 2.37) (Figure 1 ). Sesamin at the doses of 200 mg/kg caused 17.17% (p < 0.001) inhibition against acetic-acid-induced abdominal writhing ( Figure 1 ). The abdominal contortions were reduced 65.50% and 58.12% by acetylsalicylic acid and indomethacin, respectively.
Effects on the Nociception Induced by Formalin in Mice
The intraplantar injection of formalin promoted a biphasic characteristic response (Figure 2 ). The time spent licking in the first phase (0-5 min) was 86.25 ± 1.98 s and in the second phase (15-30 min) was 91.62 ± 1.89 s for the control group. After 60 min of treatment, a significant reduction in the licking time (p < 0.05 or p < 0.001) was observed during the first phase (neurogenic) by 10.01%, and 29.90% with 200 and 400 mg/kg of oil, respectively (Figure 2 ). In this phase, sesamin reduced the paw licking time by 24.13% at the dose of 200 mg/kg (p < 0.001). In the second phase, the doses of 200 and 400 mg/kg of oil also inhibited significantly (p < 0.01 or p < 0.001) at 13.50% and 31.67%, respectively, when compared to the control. In addition, sesamin produced a reduction of the second phase at 22.88% (100 mg/kg) and 35.76% (200 mg/kg). As expected, morphine (5 mg/kg, s.c.) significantly reduced the formalin response in both phases. However, indomethacin was active only in the second phase. 
Effects on Hot-Plate Latency Assay in Mice
Considering the result observed in the first phase of the formalin test, we decided to evaluate the oil using hot plate method, an important assay of central antinociceptive activity investigation. The effect of the oil from S. indicum and sesamin in the hot plate test varied according to the doses and the time of observation (Figure 3) . At times 0 and 30 min, no significant antinociceptive effect was observed, while at time 60 min, the doses of 200 and 400 mg/kg of the oil and 200 mg/kg of sesamin increased significantly the latency time. After 90 min of treatment, the doses 200 and 400 mg/kg of the oil (23.96% and 55.47%; p < 0.01 and p < 0.001, respectively) and 200 mg/kg of sesamin (31.80%; p < 0.001) increased the reaction time. The procedure was also performed in the presence of naloxone, an opioid antagonist. It was observed that the naloxone was able to inhibit the antinociceptive effects of sesamin and morphine, but was not able to inhibit the effect of the S. indicum oil. Figure 3 . Effects of the sesame oil and sesamin on the latency time of mice exposed to the hot plate test. Data are mean ± S.E.M. of 8 mice. * p < 0.05; ** p < 0.01; *** P < 0.001 vs. control group. Table 1 shows the effect of the oil and sesamin on the latency of tail withdrawal from hot water. Doses of 200 (p < 0.05 and p < 0.01) and 400 mg/kg (p < 0.01 and p < 0.001) of sesame oil increased significantly the latency time on the tail-immersion in hot water after 60 and 90 min of treatment. In this last time, sesamin (200 mg/kg, p < 0.001) also increased the reaction time. The maximum effect was observed after 120 min of treatment with sesame oil and sesamin (p < 0.01 or p < 0.001). 
Effects on Tail Immersion Test in Mice
Effects on Edema Induced by Carrageenan in Rats
The anti-inflammatory effect of the sesame oil and sesamin evaluated by the paw edema method induced by carrageenan is shown in Figure 4 . After 3 h of carrageenan application, the paw edema was reduced in 14.75 and 22.95% at the doses of 200 and 400 mg/kg of the sesame oil, while sesamin demonstrated significant effect at the dose 200 mg/kg (19.67%). The inhibition of edema was also observed 4 h after injection of carrageenan at the doses of 200 mg/kg (17.54%; p < 0.01) and 400 mg/kg (28.07%; p < 0.001) of the sesame oil. In this time, sesamin reduced the paw edema in 15.79% and 26.31% at the doses of 100 and 200 mg/kg, respectively, when compared with control group. Indomethacin (reference drug) also inhibited the paw edema (p < 0.001) after 3 and 4 carrageenan injections (Figure 4) . Figure 4 . Effects of the sesame oil and sesamin on the rat paw edema induced by carrageenan. Data are mean ± S.E.M. of 6 rats. * p < 0.05; ** p < 0.01; *** p < 0.001 vs. control group.
Effects on Carrageenan-Induced Pleurisy in Rats
The anti-inflammatory effect of the oil and sesamin was confirmed by a decrease in the exudate volume and in the leucocyte migration ( Table 2 ). The pleurisy effects demonstrated that doses of 200 (p < 0.01) and 400 mg/kg (p < 0.01) of sesame oil significantly reduced the exudate volume by 22.12% and 29.20%, respectively, while sesamin decreased 20.35% (100 mg/kg) and 26.55% (200 mg/kg). The sesame oil also caused inhibition of the number of total leucocytes at the doses of 200 (18.36%; p < 0.001) and 400 mg/kg (27.54%; p < 0.001) ( Table 2 ). At the doses of 100 and 200 mg/kg of sesamin, the number of total leucocytes was significantly reduced by 12.55% (p < 0.01) and 23.26% (p < 0.001), respectively. As expected, indomethacin reduced the exudate volume and the leucocyte migration. Data are mean ± S.E.M. of six rats. ** p < 0.01, *** p < 0.001 vs. control group.
Discussion
Considering that the use of analgesic and anti-inflammatory drugs exerts a wide range of side effects [41] , there is currently a strong interest in developing new therapeutic agents from natural products [42] . These products can inhibit mediators that are involved in the evolution of inflammatory processes, including the pain [43] . In this context, studies have been carried out with natural products in models of pain and inflammation in order to assess their pharmacological potential, as well as developing new therapeutic options [42] . For these reasons, we evaluated the antinociceptive and anti-inflammatory properties of the sesame oil and sesamin.
The acute toxicity test on mice showed that no animal died within 48 hours after treatment with oil. In addition, the major signs of toxicity, as well as parameters motor activity, were unaffected. This finding is relevant as regards the safety of the use of sesame oil in the diet and therapeutic applications.
Intraperitoneal injection of acetic acid induces an increase of the level of prostanoids, particularly PGE 2 and PGF 2α , as well as lipoxygenase products in the peritoneal fluid of mice with sensitization of nociceptors [36] and generation of bradykinin, histamine, and serotonin in this fluid [44] . Our results revealed that the sesame oil and sesamin reduced the abdominal writhes induced by acetic acid showing antinociceptive effect. In addition, our data extend previous observations showing that palmitic acetic [7] and sesamin [45, 46] inhibit acid-induced in mice. The mechanism of this effect could be related the prostaglandin synthesis inhibition as suggested for linoleic acid, one of the constituents of the sesame oil [3] .
The formalin injection causes a local tissue injury into the paw and is associated to two distinct phases [37] . The first phase (0-5 min after formalin injection) is due to a direct effect on nociceptors and the second phase (15-30 min after formalin injection) produces an inflammatory response that involves different chemical mediators, such as excitatory amino acids, neuropeptides, PGE2, nitric oxide, and kinins [37, 47] . This model has been commonly used to establish antinociceptive mechanism of analgesic drugs [48] . Centrally acting drugs such as opioids inhibit both phases equally, but peripherally acting drugs, such as aspirin, indomethacin, and dexamethasone, inhibit only the second phase [49] . We observed that sesame oil and sesamin were able to decrease the time that the animal spent licking the injected paw on first and second phases (Figure 2) , confirming reports described previously [20, 47, 48] . Taken together, these results revealed a probably similar action to the opioid and nonsteroidal anti-inflammatory drugs.
Nociceptive reaction towards thermal stimuli in hot plate test and tail immersion in hot water test using mice is a well-validated model for the detection of opiate analgesic as well as several types of analgesic drugs from spinal origin [50] . The hot plate is a specific central antinociceptive test in which opioid agents exert their analgesic effects via supra spinal and spinal receptors [51] . The tail-immersion assay indicated that the pharmacological actions were mediated by µ opioid receptors rather than κ and δ receptors [52] . These models are also related to drugs that act on supreespinhal level through mechanisms of pain modulation [53] . Our results demonstrated that the oral administration of the sesame oil and sesamin exerted significant prolongation in the response latency time to the heat stimulus ( Figure 3 and Table 1 ) and are in agreement with the action of fatty acids [7, 54] and sesamin [46] against thermal-induced nociception. In addition, the analgesia induced by the sesame oil may be associated to the opioid system, since previous treatment with naloxone not completely changed the observed data, but blocked the effect of the sesamin (Figure 3) . Therefore, sesamin produced a similar effect to morphine that significantly increased the latency time to the nociceptive response when compared with the control group.
Carrageenan-induced rat paw edema is a model that has been widely used to assess anti-inflammatory activity of natural products and consists of three phases [55] . The first phase (1-2 h) is related with the release of serotonin and histamine; kinins play a role in the middle phase, while prostaglandins appear to be the most important mediators in the second phase (3-5 h) of the postcarrageenan response as a resulted of induction of isoforms of cyclooxygenase [56] . The result of the present study indicates that the suppression of the second phase may be due to cyclooxygenase inhibition with reduced expression of prostaglandins. In this context, the sesame oil and sesamin play a crucial role as protective factors against the carrageenan-induced acute inflammation (Figure 4 ). This finding corroborates the anti-inflammatory activity of unsaturated fatty acids, as linoleic and linolenic acids, which significantly inhibited the edema induced by PGE2, LTB4, arachidonic acid and carrageenan [3] .
To better understanding of the anti-inflammatory effect demonstrated in the paw edema model, we performed the pleurisy test with application of carrageenan into the pleural cavity of rats. This test elicits an acute inflammatory response, characterized by the accumulation of fluid containing large number of leucocytes [57] . It is an interesting method that evaluates the leucocyte migration during the inflammatory process. Anti-inflammatory drugs, such as indomethacin and dexamethasone, inhibit the accumulation of exudates and mobilization of leucocytes between 3 and 6 h after application of carrageenan [58] . Our results showed that the sesame oil and sesamin inhibited the formation of pleural exudate and the leucocyte migration confirming the anti-inflammatory activity (Table 2) .
From the chemical point of view, it is known that sesame oil has a high content of unsaturated fatty acids (palmitic, stearic, oleic and linoleic acids) [14] , well as well presence of lignans (sesamin, asarinin, sesamolin, and sesamol) and gamma-tocopherol [18] . These compounds may be responsible for the pharmacological activities, since several studies have indicated that fatty acids reduce the levels of prostaglandins and leukotrienes [1] [2] [3] [4] [5] [6] [7] . Linoleic acid, for example, could inhibit the formation of prostaglandins and leukotrienes from arachidonic acid [3] , while palmitic acid and derivatives decreased the thermal nociception in mice [7] . In addition, lignans, such as sesamin, have also been described with activity against pain and inflammation [8] [9] [10] [11] 46, 47] . However, further studies are necessary to understand the mechanisms of action and correlate the pharmacological activity with the chemical composition of sesame oil.
Conclusions
The results obtained through the animal model experiments performed in the present study adding more subsidies to the use of sesame oil due to their antinociceptive and anti-inflammatory properties. Based on our data, sesamin is one of the active constituents of sesame oil and represents a promising target for the treatment of pain and inflammation. However, further studies should be conducted to ensure the safety, feasibility, and sustainability of usage.
